Abstract Given the importance of lexical frequency for psycholinguistic research and the lack of comprehensive frequency data for sign languages, we collected subjective estimates of lexical frequency for 432 signs in American Sign Language (ASL). Our participants were 59 deaf signers who first began to acquire ASL at ages ranging from birth to 14 years old and who had a minimum of 10 years of experience. Subjective frequency estimates were made on a scale ranging from 1 = rarely see the sign to 7 = always see the sign. The mean subjective frequency ratings for individual signs did not vary in relation to age of sign language exposure (AoLE), chronological age, or length of ASL experience. Nor did AoLE show significant effects on the response times (RTs) for making the ratings. However, RTs were highly correlated with mean frequency ratings. These results suggest that the distributions of subjective lexical frequencies are consistent across signers with varying AoLEs. The implications for research practice are that subjective frequency ratings from random samples of highly experienced deaf signers can provide a reasonable measure of lexical control in sign language experiments. The Appendix gives the mean and median subjective frequency ratings and the mean and median log(RT) of the ASL signs for the entire sample; the supplemental material gives these measures for the three AoLE groups: native, early, and late.
Lexical frequency is known to influence linguistic processing and, when uncontrolled, can confound the results of psycholinguistic experimentation. Lexical frequency is also used to model how the mental lexicon is acquired, organized, and processed (Bock & Griffin, 2000; Dahan, Magnuson, & Tanenhaus, 2001; Dell, 1990; Gardner, Rothkopf, Lapan, & Lafferty, 1987) . Although researchers into many spoken languages have multiple resources available to them to control lexical frequency, sign language researchers have few such resources. Here, we help fill this gap with a study of subjective frequency for signs from American Sign Language (ASL). Sign language research is further complicated by the fact that any random sample of adult signers, in contrast to any random sample of adult speakers, will be characterized by marked heterogeneity in their ages of sign language exposure (AoLEs).
1 Hence, we also investigate the effects of sign language AoLE on the subjective frequency ratings for signs. Subjective frequency is but one of a number of metrics that researchers use to estimate the distribution of words in the linguistic environment of language users. To contextualize it, we discuss subjective frequency ratings in comparison to other measures-in particular, objective frequency and familiarity ratings. We then consider the few studies that have examined lexical frequency in sign languages before describing the present study.
Objective measures of lexical frequency typically come from large-scale corpora and are often text-based. For example, the Brown corpus is based on a million words of text (Kučera & Francis, 1967) . The CELEX corpus represents over 17 million items, 92 % of which come from text (Baayen, Piepenbrock, & van Rijn, 1993) . Note that these large-scale corpora require a widely used orthography. Even speechbased corpora require a codified system for representing spoken words (e.g., SWITCHBOARD; Holliman & McDaniel, 1992; Pastizzo & Carbone, 2007) . For sign languages, neither of these tools is readily available.
Measures of objective frequency are based on counts of a lexeme's occurrence, often measured in units of one per million words, and are thought to reflect an individual's exposure to a given word. Of course, words do not occur with equal frequency across all contexts. This leads to biases in objective frequency counts, known as contextual dispersion (Baayen, 2001) . For example, chefs use the word cleaver more often than do bankers. For this reason, some researchers have proposed that familiarity ratings-an individual's intuition about how well he or she knows a given word-provide a more accurate measure of lexical exposure (Gernsbacher, 1984) . The definition of lexical familiarity is not as straightforward as that of frequency, however. Although some researchers have equated familiarity with an individual's exposure to a given word (Gilhooly & Logie, 1980; Kreuz, 1987; Morrison, Chappell, & Ellis, 1997) , other researchers think that familiarity primarily applies to knowledge of a word's meaning (Gardner et al., 1987; Gaygen & Luce, 1998; Nusbaum, Pisoni, & Davis, 1984) . Familiarity ratings can be affected by several factors that are unrelated to objective lexical frequency. For example, the degree to which the form of a given word is a common phonological or orthographic pattern can inflate familiarity ratings (Peereman, Content, & Bonin, 1998) , as can the number of meanings associated with a word (Toglia & Batting, 1978) . Lexical familiarity can also vary with age, because older adults have larger vocabularies than do younger ones (Spieler & Balota, 2000) .
A factor related to lexical familiarity is lexical AoA-that is, the age at which a given word was first learned (e.g., the age at which the word chair was learned, in contrast to the word ottoman)-which must be distinguished from AoLE-the age at which an individual was first immersed in a given language. Norms for lexical AoA are often based on subjective ratings: That is, individuals estimate when they first learned a particular word, at ages ranging, for example, from 3 to 12 years. Subjective lexical AoA ratings have been found to correlate with objective measures of lexical AoA (Morrison et al., 1997) . The latter measures are derived from large-scale studies of vocabulary development in which lexical AoA has been defined as the age at which 75 % of children know a given word. Some researchers have argued that lexical AoA effects are cumulative lexical frequency effects in disguise (Zevin & Seidenberg, 2002) , following the logic that the younger the age at which a given word is learned, the more often it will have been encountered at any point later in life. However, the available evidence suggests that lexical AoA effects arise from factors different from those associated with lexical frequency: AoA effects on lexical processing tend to increase as a linear function of age, rather than to decrease. By contrast, lexical frequency effects tend to show a logarithmic function. When directly compared across various lexical-processing tasks, lexical AoA effects have been found to be significantly greater than frequency effects (Ghyselinck, Lewis, & Brysbaert, 2004 ).
An alternative to objective lexical frequency is subjective frequency ratings, in which individuals estimate how often they have encountered a given word. Subjective frequency ratings have been found to predict lexical processing better than objective frequency ratings do. For example, Balota, Pilotti, and Cortese (2001) gathered subjective frequency ratings for 2,938 English words from 2,254 participants of various ages and backgrounds. Their participants rated the subjective frequency of the stimulus words on a scale in which each number was anchored to a time interval ranging from 1 = the word is never encountered to 7 = the word is encountered several times a day. Subjective frequency ratings correlated more highly with objective log frequency (r = .83) than with familiarity ratings (r = .53) and accounted for 21 % of the variance in lexical decision and naming latencies after the variance associated with objective frequency was removed. Subjective frequency ratings have also been found to correlate with objective frequency for both spoken and written words in French (Ferrand et al., 2008; Thompson & Desrochers, 2009 ). In lieu of using lexical frequency to control stimuli, some researchers have recommended the use of lexical response time (RT; Balota et al., 2007) . To our knowledge, no studies have yet systematically examined subjective frequency ratings in relation to AoLE, years of language experience, chronological age, and RT, which we will do in the present study.
A handful of studies have tackled the issue of lexical frequency in various sign languages. Using a large number of commercially available videotapes, Morford and MacFarlane (2003) computed the frequency of 4,111 ASL signs produced by 27 signers, using a base unit of one occurrence per thousand signs. The most frequent signs were closed class-specifically, pronouns-but some of the most frequent signs were content lexical items as well. McKee and Kennedy (2006) analyzed 50 h of videotaped New Zealand Sign Language (NZSL) produced by 80 signers in a database of 100,000 signs. Consistent with the ASL findings, the most frequent NZSL signs were closed class-again, pronouns-but the most frequent signs also included some content lexical items. Johnston (2011) observed a similar pattern of lexical frequency for Australian Sign Language (Auslan) in an analysis of video clips of 63,436 signs produced by 109 signers. In contrast to the previous studies, in which the sign language corpora were derived from a cross-section of signers and sociolinguistic contexts, the Auslan corpus was heavily weighted with examples of signers telling the same stories and answering the same questions. This sampling bias had the effect of inflating the frequency rankings of many lexical items (e.g., wolf and frog) relative to their rankings in the corpora of other sign languages. The compilation and annotation of other sign language corpora, such as one for the Sign Language of the Netherlands (Ormel et al., 2010) , should yield valuable data for crosslinguistic comparisons of lexical frequency in sign languages.
In the absence of lexical frequency data for sign languages, some researchers have used ad-hoc subjective frequency ratings as a means to control experimental stimuli. For example, Emmorey (1991) asked two native signers to rate ASL stimulus signs on a ten-point scale representing most to least frequently occurring. Using a seven-point scale, Carreiras, Gutiérrez-Sigut, Baquero, and Corina (2008) asked 19 "deaf people with very good knowledge" of Spanish Sign Language to rate "how familiar they thought each sign was and if they used the sign very often or just on rare occasions" (p. 105). Although the scale may have conflated the factors of Lexical Familiarity and Subjective Lexical Production, a significant difference between the ratings of native and nonnative signers was not found. To collect frequency data for experimental purposes, Vinson, Cormier, Denmark, Schembri, and Vigliocco (2008) asked 33 deaf signers (whose age of British Sign Language [BSL] acquisition ranged from "before 3" to the age of 15) to give subjective frequency and iconicity ratings for 300 signs from BSL on a scale from 1 to 7.
2, 3 The participants also gave estimates of lexical AoA on a scale that ranged from birth to 17 years. As is the case for spoken languages, subjective frequency ratings correlated with lexical AoA estimates for the BSL signs. In contrast to the sign language corpus studies, however, only one of the three most frequently ranked signs was closed class, again a pronoun. This no doubt reflected the fact that the stimulus signs were selected for experimental purposes and not intended to represent the BSL lexicon.
In addition to the scant information on lexical frequency, another challenge facing sign language researchers is the question of how to deal with possible AoLE effects. In spoken language populations, the majority of speakers are native learners who acquired the language from birth, and thus share the same AoLE. In sign language research, focusing only on native learners represents a trade-off between removing potential AoLE effects from the lexical frequency data and more accurately reflecting the AoLE variation endemic to deaf signers by sampling broadly across the population. The available sign language corpus studies have not controlled for AoLE, and instead have sampled widely across their respective sign language populations: Auslan, NZSL, and ASL (Johnston 2011; McKee & Kennedy, 2006; Morford & MacFarlane, 2003) . In their experimental study, Vinson et al. (2008) did not test for AoLE effects on subjective frequency ratings for BSL signs. Because AoLE has been found to have robust effects on the psycho-and neurolinguistic processing of sign language (Boudreault & Mayberry, 2006; Cormier, Schembri, Vinson, & Orfanidou, 2012; Mayberry, Chen, Witcher, & Klein, 2011; Mayberry & Lock, 2003; Mayberry, Lock, & Kazmi, 2002; Newport, 1990) , it is essential to understand how AoLE affects subjective frequency ratings.
In the present study, we collected subjective frequency ratings from deaf signers who had a controlled range of AoLE in order to examine the relation of AoLE to subjective frequency ratings for a set of ASL signs. We analyzed the extent to which subjective frequency ratings were stable across signers with varying levels of AoLE, and further tested whether frequency ratings were affected by years of ASL experience or chronological age. In addition, we explored the relationship between response latency and frequency ratings and tested whether this relation interacted with AoLE.
Method

Participants
A group of 67 adults who were born deaf (≥80 dB pure-tone average in the better ear, confirmed by audiometric testing) volunteered for the study. All participants had used ASL as their preferred language for 10 years or more. The participants were recruited by members of various deaf communities and compensated for their time. The majority of the participants resided in Montreal and in various cities in Ontario; a few participants resided in Alberta, Canada. All but three of the participants, whose data were not used, scored within the normal range on a nonverbal IQ screening task. An additional four participants performed the task but did not use the rating scale in accordance with the instructions, and their data were excluded from the analysis as well. 4 A technical issue resulted in the loss of all data from one other participant. The remaining 59 participants were grouped as a function of the age at which they had first begun to learn ASL, operationalized as the age at which they first began to learn ASL in an immersion setting in which they used it regularly with other deaf signers. The native learner group consisted of 22 participants, 20 of whose deaf parents had signed to them from birth, and two (with hearing parents) who had begun to acquire ASL before 3 years of age. Another 17 participants were early learners, who had first learned ASL in school between the ages of 4 and 8 years, and 20 were late learners, who had first learned ASL in school between the ages of 9 and 14 years. The groups consisted of approximately equal numbers of men and women (see Table 1 ). The participants were recruited into the three AoLE groups and were not matched on age or length of experience. The native group was younger than the early but not than the late group [one-way analysis of variance (ANOVA): F(2, 56) = 7.39, p < .002; Tukey HST, p < .05]. Although the length of ASL experience (years beyond AoLE) of the native group (29.09 years) did not differ from that of either the early or the late group (37.64 and 23.40-years, respectively), the early group had more ASL experience than did the late group [one-way ANOVA: F(2, 56) = 7.64, p < .002; Tukey HST, p < .05].
Stimuli
The stimuli were 432 ASL signs not intended to be representative of the ASL lexicon. The stimulus set consisted of 255 nouns, 93 verbs, 78 adjectives, eight adverbs, and six closed-class items (first-person pronoun, conjunctions, and prepositions) that had been selected for ASL lexical processing experiments. The stimulus list did not include fingerspelled items or classifiers (sometimes called mimetic depictions; Emmorey, 2003) . To create the stimuli, a deaf native signer produced each ASL stimulus sign several times with a neutral facial expression and no mouthing while being videotaped. Those renditions judged by three native signers (two deaf) to represent the clearest sign production were then selected as stimuli and edited into a series of individual video clips. The completion point of each stimulus sign was identified, by which we mean the video frame within which all of the sign's parameters could first be detected to be in place: hand shape, orientation, movement, and location. The completion point was then made the midpoint of the video clip. This was accomplished by editing each video clip such that an equal number of video frames preceded and followed the completion point video frame, beginning with the sign's parameters transitioning into place and ending when the sign's parameters moved out of place.
Procedure and materials
The stimuli were presented on an Apple PowerBook G3 computer using PowerLaboratory software (Chute & Westall, 1996) , which recorded the frequency ratings and RTs. The experiment was self-paced, and each trial consisted of several steps, shown in Fig. 1 . First, a fixation cross appeared on the screen for 300 ms. Second, the video clip of the stimulus sign appeared for a mean duration of 666.67 ms, with a range from 333.36 to 1,167.0 ms. Third, when the screen went blank after the stimulus sign was completed, participants estimated its frequency with a mouse click using their dominant hand. Finally, the participant clicked the green GO box (Fig. 1 ) to view the next stimulus sign. The GO box was centered below the rating scale to ensure that each estimate of sign frequency began from the same location on the screen.
Participants were told that they would see a sequence of ASL signs and were instructed to use a mouse click to select which number on a scale from 1 to 7 best represented how often they encountered the sign in conversations with deaf people: 1 = rarely see the sign and 7 = always see the sign. We limited the linguistic environment to conversations with deaf people rather than anchoring the scale to specific time intervals-for example, per day or week (Balota et al., 2001 )-because the opportunity to converse with deaf signers varies widely from person to person and does not necessarily occur on a daily basis. Participants practiced estimating frequency with a set of 20 signs not included in the stimulus list. The 432 stimulus signs were randomly assigned to four blocks of 108 signs each. The presentation order of the four blocks was counterbalanced across participants with a Latin square design. Participants were offered a break after each block, but few participants took one. The testing lasted about 20 min.
Results
First, we asked whether signers who had native, early, and late AoLEs would differ in the average ratings that they gave the signs. Because we did not provide the participants with explicit time-interval anchors on which to base their ratings (Balota et al., 2001) , it is possible that 5 was a relatively high rating for some participants, but only a moderate or low rating for others. In addition, individual variation may not have been distributed randomly across the AoLE groups. We therefore used a one-way ANOVA to test for any mean rating differences across groups, with Subjects as a random factor. Although the early learners had a higher mean rating overall (4.65 from early vs. 4.42 from native vs. 4.37 from late learners), the ANOVA did not approach significance, F(2, 56) = 0.93, p = .39. Although Likert scales have most commonly been analyzed as interval scales in the comparable literature (Balota et al., 2001; Carreiras et al., 2008; Emmorey, 1991; Ferrand et al., 2008; Thompson & Desrochers, 2009; Vinson et al., 2008) , they are underlyingly ordinal scales; therefore, we considered both parametric and nonparametric approaches to the present data. The Kruskal-Wallis test is a nonparametric alternative to one-way ANOVA; it also revealed no differences among the groups [χ 2 (2) = 1.31, p = .52]. In the analyses above, we examined whether we had evidence to reject the null hypothesis that the groups did not differ, and the answer was that we did not have such evidence. Traditional statistics do not allow us to accept the null hypothesis as being true, but Rouder and colleagues (Rouder, Morey, Speckman, & Province, 2012; Rouder, Speckman, Sun, Morey, & Iverson, 2009 ) have offered a Bayesian approach that allows the null hypothesis to be either rejected or accepted. Following Rouder et al. (2009) , we conducted three pairwise comparisons (native vs. early, native vs. late, and early vs. late) and used the resulting values of t and N to compute Bayes factors, which are odds ratios measuring the relative likelihoods of the null versus alternative hypothesis, given the data. The results indicated that for each pair, the null hypothesis was at least twice as likely as the alternative hypothesis: native vs. early, Bayes factor = 2.65:1; native vs. late, Bayes factor = 4.26:1; early vs. late, Bayes factor = 2.01:1. Typically, a Bayes factor of <3 is considered inconclusive evidence that slightly favors the null hypothesis. Thus, it is unlikely that AoLE influenced the mean rating that the participants gave for the signs.
Next, we asked whether the native, early, and late learner groups agreed on the frequency for each of the 432 stimulus signs. To accomplish this, we computed the mean rating given to each item by all of the participants within each group, and then plotted that value against the mean rating given to the same item by the participants in each other group. As the scatterplots clearly show (Fig. 2) , we found strong agreement among the groups on the frequency of the ASL signs. Once again, a nonparametric version of this analysis, in which we used each population's median rating for each item and computed Spearman's rho (ρ), yielded the same pattern, which can be seen in the parentheses in Table 2 . 5 The strengths of these three correlations did not differ, either for Pearson's r [Fischer's Z transformation: χ 2 (2) = 2.81, p = .25] or for Spearman's ρ [Fischer's Z transformation: χ 2 (2) = 2.88, p = .24]. For the analyses above, we treated AoLE as a categorical variable, when it is in fact a continuous one, ranging from birth to 14 years in the present study. We therefore used linear regression to determine whether AoLE influenced the subjective frequency ratings. If so, we would expect to find a significant correlation between AoLE and the subjective frequency ratings, but no such correlation emerged, for either mean ratings (r 2 = .03, p = .57) or median ratings (ρ = −.25, p = .38).
Next, we asked whether years of ASL experience or chronological age influenced the subjective frequency ratings. The native learners had a range of 17 to 59 years of ASL experience, whereas the early learners had a range of 16 to 54 years, and the late learners had a range of 10 to 43 years of experience. If subjective frequency ratings are influenced by the cumulative number of encounters that a signer has had with a given sign, and not by its relative frequency in the 5 We also collected ratings from a group of ten hearing participants who had acquired ASL as a second language in adulthood and had used it for more than 10 years. Their ratings were also correlated with those of the native (r = .77), early (r = .75), and late (r = .80) learner groups. Given the unequal numbers of participants, we caution against overgeneralization of these results. Ratings could also be gathered from the hearing children of deaf adults; although they are often bilingual in ASL and spoken English, children of deaf adults are also typically dominant in spoken English, so that their ratings would also have to be interpreted with caution. Fig. 1 Screen images showing the format and sequence of the subjective frequency rating task. Each trial consisted of several steps: (a) A focus signal appeared for 300 ms, (b) followed by the stimulus sign, which appeared dynamically in real time; (c) when the sign disappeared, the participant made a frequency rating with a mouse click (1 = rarely see, 7 = usually see). Finally, the participant clicked the green GO box under the scale to initiate the next trial linguistic environment, then signers with more years of ASL experience should give higher subjective frequency ratings, resulting in a significant positive correlation. We therefore repeated the regression analyses with years of ASL experience as the predictor variable, but we did not find a significant correlation for the mean (r 2 = .06, p = .17) or the median (ρ = .22, p = .22) ratings. The chronological age of the participants ranged from 19 to 59 years (Table 1) , so we also asked whether age affected the subjective frequency ratings. No significant relation was apparent between age and the subjective frequency ratings, for either the means (r 2 = .0001, p = .95) or the medians (ρ = .01, p = .95). Although the participants were not instructed to perform the task as quickly as possible, we measured the response latency for each trial. There was no upper limit on how long participants could spend deliberating on their rating, which resulted in some clear outliers. We excluded 27 trials with RTs over 15,000 ms (14 from native learners, four from early learners, and nine from late learners), as well as 11 trials with RTs under 1,000 ms (six from native learners, four from early learners, and one from a late learner). This eliminated 0.14 % of the 25,488 trials. The resulting distributions were logdistributed, as we would expect for RTs. We therefore based the subsequent analyses on log(RT). Outliers were defined as any trials on which log(RT) fell outside 2.5 standard deviations from a given participant's own mean. This resulted in the exclusion of 578 additional trials (2.2 %). To test the effects of group and rating on RTs, we conducted a 2×2 mixed ANOVA with Group as a nominal between-subjects factor and Rating as a nominal 6 within-subjects factor.
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Mean RTs to make the frequency ratings increased slightly across the AoLE groups (2,922, 3,056, and 3,168 ms, respectively, for the native, early, and late learner groups); however, the ANOVA on log(RT) did not reach significance, F(2, 52) = 0.92, p = .41. As before, we computed Bayes factors for each pairwise comparison (following Rouder et al., 2009 ) and found that for each pair, the null hypothesis was at least twice as likely as the alternative: native versus early, 2.58:1; native versus late, 2.16:1; early versus late, 3.99:1. Thus, it is reasonable to conclude that RTs in this task were not affected by AoLE.
In contrast, RTs were affected by the mean subjective frequency of the stimulus signs. The omnibus ANOVA revealed a main effect of rating, F(6, 52) = 24.93, p < .001. A post-hoc test for linear trends revealed that subjective frequency rating was a significant linear predictor of RTs: Higher frequency ratings were associated with faster RTs, F(1, 312) = 126.84, p < .001. No Group × Rating interaction emerged, F(12, 52) = 1.33, p = .20.
Given that deaf signers with varying AoLEs for ASL strongly agreed in their frequency ratings of signs, independent of years of ASL experience or chronological age, we computed the mean and median ratings for each item (raw ratings and standard deviations) across all participants. These are given in the Appendix, along with the median and mean log(RT), with English glosses for the stimulus ASL signs (as given in Costello, 1994) . For completeness, the same information is given for each group separately in the supplemental material.
Discussion
We presented here the first subjective frequency ratings for a set of ASL signs. A novel contribution of the results is the direct comparison of ratings by deaf signers who were all highly experienced but who first began to acquire ASL at ages varying from birth to 14 years. This comparison provides valuable insights into the relation of AoLE and subjective frequency ratings. Because they began to acquire ASL from birth, the native learners were comparable to the typical participants in studies of subjective lexical frequency in spoken and written language, and thus provide a comparable control for ASL signs. Although deaf native learners constitute less than 10 % of the ASL population, we observed high agreement in the subjective frequency ratings across the participants, independent of AoLE, years of ASL experience (beyond a minimum of 10), and chronological age. Thus, future psycholinguistic studies of sign language processing can be more confident in assuming that frequency distributions are relatively stable across participants with varying AoLE among highly experienced signers. Although null effects must be interpreted with caution, the present results suggest that obtaining frequency information about signs from subjective ratings across diverse groups of deaf signers constitutes good experimental practice that can provide some control over lexical frequency in sign language experiments, in the absence of objective frequency data. The subjective frequency ratings among the AoLE groups were highly correlated for both mean and median ratings, and for items ranked as being highly frequent and those ranked as being relatively rare. Even the subjective frequency ratings of an additional small group of hearing second-language ASL learners correlated with those of the deaf AoLE groups, although less strongly, but we caution against using this type of ASL learner to provide baseline measures for sign frequency, because their linguistic exposure to ASL probably differs from that of deaf signers.
The present results also suggest that lexical frequency is an important factor in the organization of the ASL mental lexicon, just as it is in the English mental lexicon. This was indicated by the high correlation between a sign's mean frequency rating and the median and mean log(RT) to estimate its frequency: The more often that a stimulus sign was estimated as being seen in conversations with deaf signers, the more quickly the participants assigned a frequency rank to it; conversely, the less often the participants estimated that they had seen a stimulus sign in conversations, the more slowly they assigned a frequency rank to it. The fact that the AoLE groups did not differ in the strengths of their correlations between frequency rank and RTs to make frequency judgments further suggests that AoLE does not affect signers' sensitivity to lexical frequency in the linguistic environment. If AoLE has an effect on the sensitivity to lexical frequency, it is too small to detect with a sample size of 59 participants.
As we noted in the introduction, AoLE for language is not the same factor as lexical AoA (the age of learning a given word), and we did not gather such ratings here. It remains for future research to determine whether subjective lexical frequency ratings and lexical AoA estimates interact. If AoLE does not affect sensitivity to lexical frequency, this may explain the similarities in ASL vocabulary acquisition among first-language learners of ASL of diverse ages. In other research, we have found that deaf adolescents acquiring ASL for the first time show lexical acquisition patterns remarkably similar to those of young deaf children (Ferjan Ramirez, Lieberman, & Mayberry, 2013) . The apparent similarities in lexical acquisition patterns, independent of the age at which the learning begins, may arise from lexical frequency in the sign language environment. This possibility suggests that lexical frequency may influence the development of the sign lexicon.
On the basis of the present results and our interpretation of them thus far, it might be tempting to conclude that AoLE does not affect the lexical processing of signs. However, such a conclusion would be premature. Although the subjective frequency ratings from the different AoLE groups in the present study are broadly consistent, previous studies using a variety of psycholinguistic paradigms have found that AoLE affects the processing of sign lexical structure (Best, Mathur, Miranda, & Lillo-Martin, 2010; Carreiras et al., 2008; Dye & Shih, 2006; Emmorey & Corina, 1990; Hall, Ferreira, & Mayberry, 2012; Mayberry & Fischer, 1989; Morford & Carlson, 2011; Morford, Grieve-Smith, MacFarlane, Staley, & Waters, 2008; Orfanidou, Adam, McQueen, & Morgan, 2009 ). The present results provided hints that the native learners made frequency estimates the fastest, followed by early learners, with late learners taking the longest to make their decisions. This nonsignificant trend was due to neither chronological age nor length of ASL experience. However, because we did not instruct the participants to make ratings as quickly as possible, this trend must be interpreted with caution. It is also important to note that the present data do not provide evidence of equal-sized frequency effects in relation to AoLE. For example, native learners and late learners might show differential responses to high-versus low-frequency signs in a lexical decision paradigm. Instead, the present results demonstrate that when lexical items are frequent in the linguistic environment of native learners, they are also highly frequent in the linguistic environment of nonnative learners; the same is true for infrequent lexical items. This is logical, because all signers contribute to the linguistic environment, regardless of AoLE. The present results suggest that early and late learners of ASL are just as sensitive to lexical frequency in the linguistic environment as are native learners, so long as they are highly experienced.
The ASL signs in the present study were selected for experimental purposes and were not intended to be representative of the distribution of the ASL lexicon. Nonetheless, there is some overlap in the present results and those of the ASL corpus study by Morford and McFarlane (2003) . The first-person pronoun was the most frequent closed-class item in the ASL corpus, and it was also the most highly ranked closed-class item in the present results. The first-person pronoun was also among the most frequently occurring signs in both the NZSL (McKee & Kennedy, 2006) and the Auslan (Johnston, 2011) corpora. One of the most frequently occurring content items in the ASL corpus study was boy, and this sign received a high mean frequency rating from the ASL signers in the present study. Boy was also among the most frequently occurring signs in the Auslan corpus (Johnston, 2011) , and it received a high mean frequency rating from BSL signers (Vinson et al., 2008) . Although few in number, the similarities between objective lexical frequency and the subjective frequency rankings for signs across studies are encouraging. This also suggests that correlations between objective lexical frequency and subjective frequency ratings will be found for sign languages, like those that have been found for spoken languages (Balota et al., 2001; Ferrand et al., 2008; Thompson & Desrocher, 2009) .
Much remains to be learned about the acquisition, processing, and organization of the ASL mental lexicon in relation to lexical frequency and AoLE. The present results demonstrate that collecting subjective frequency ratings for signs provides a viable means of controlling lexical frequency so that these important questions can be investigated.
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